4 the most common cause of regular paroxysmal 1 k supraventricular tachycardia. [1] [2] [3] [4] In patients with disabling drug-refractory tachycardias, various nonpharmacological procedures have been considered.5-25 Ablation of the AV junctions has been suggested, with the drawback of the subsequent need for permanent cardiac pacing. The first curative therapies were surgical, using dissection6 or cryodestruction7 of the perinodal area within Koch's triangle. More limited cryolesions placed between the coronary sinus and the AV node were also efficient in abolishing AVNRT. 8 Successful surgery was usually accompanied by un-changed fast retrograde conduction, suggesting that the mechanism of cure was a preferential impairment of the anterograde slow pathway. Catheter ablation techniques have been reported with similar efficacy, first using fulguration,9-'2 then using radiofrequency energy. [13] [14] [15] [16] [17] [18] [19] In most reports, ablative energy was applied at the right anterior septum, resulting in preferential alteration of the retrograde fast conducting system. This technique was associated with a slight but definitive prolongation of the atrial-His (AH) interval and a risk of complete AV block close to 10%. In 1981, Sung et al20 demonstrated in seven patients that the slow AV nodal pathway has a retrograde exit located posterior and inferior to that of the fast AV nodal pathway. From mapping of the retrograde slow pathway21-25 and the effects of radiofrequency energy, 23 Jackman et al first demonstrated in June 1990 the feasibility of catheter ablation of the slow pathway with a very low risk of AV block. Other preliminary work confirmed this finding. [26] [27] [28] The earlier studies were the starting point for the present work in September 1990. From our experi- Values are mean±SD and expressed in msec. AH, atrial-His interval; AV, atrioventricular; WCL, entire Wenckebach cycle length of the AV node when either pathway is used; Duality, dual AV nodal physiology (jump in the AH interval >50 msec); AVN FP, fast pathway of the AV node; ERP and FRP, effective and functional refractory periods, respectively; AVN SP, slow pathway of the AV node; AHmax, maximal value of AH interval during either WCL or ERP assessment; AH t, AH interval during an ongoing stable tachycardia; VA, ventriculoatrial; HA, interval from the His bundle to the local atrium during ventricular extrastimulation. Note that AVN SP-ERP after ablation concerns only a subfraction of patients, so the overall ERP of the entire AV node conducting system approximated in fact that of the fast pathway (AVN FP-ERP). *p<0.01 before vs. after ablation, postablation vs. basal days [8] [9] [10] study, basal days 8-10 study vs. basal late study. During isoproterenol infusion, all values were significantly lower than during basal state except VA minimum and HA interval.
ence of ablative techniques,9"10'29 we were aware of the existence of peculiar slow potentials recorded from the perinodal region in most humans. These potentials could be electrophysiologically separated from ordinary atrial, hissian, or ventricular activities and were not caused by artifacts. 30 We analyzed these potentials and investigated the effects of radiofrequency energy in patients affected by the common form of AVNRT.
Methods

Patient Characteristics
The study population included 64 patients: 44 women and 20 men with a mean age of 48±19 years (range, Blood was sampled for cardiac enzyme levels 6 hours after ablation. An electrophysiological study similar to baseline study was performed on day 8, 9, or 10 before and during isoproterenol infusion (2-4 ,zg/min). Patients were discharged at day 10 with a ,B-blocking drug empirically prescribed for a 4-week postablation period to prevent hypothetical arrhythmias originating from the ablation site. A long-term electrophysiological study was performed in 47 patients at 2-9 months after ablation before and during isoproterenol infusion (2-4 yg/min).
Statistical Analysis
Results are expressed as group mean±+SD. Values of blood cardiac enzymes and electrophysiological parameters before and after ablation were compared using the Wilcoxon test for matched series. Differences between patients with or without echo beats were compared by the Mann-Whitney test. Because of the numerous variables studied, statistical significance was set at p<0.01.
Results
Localization of Slow Potentials
Slow potentials could be recorded by catheters introduced either by a subclavian or a femoral vein. Slow potentials were rapidly found at high amplification by using a femoral catheter with an incurved tip and withdrawing the catheter 10-20 mm from the His bundle recording site along the tricuspid annulus (evidenced by the presence of a significant ventricular electrogram). Usually, catheter withdrawal showed the progressive transition of a sharp His bundle potential to widened quasi-hissian potentials and then to slow potentials more posteriorly. Therefore, slow potentials were recorded at the mid or posterior septum, anterior to the coronary sinus ostium (but not in or posterior to the most posterior. In 26 patients, energy was applied this structure); usually, the site of more vivid slow potentials was projected at the two thirds anterior-one third posterior of the area between the His bundle to the coronary sinus ostium. The 600 left anterior oblique view was optimal because it showed the maximal amplitude of mapping catheter movements. In this view, potentials were found at contiguous sites along a band vertical to the His bundle and were absent a few millimeters away on either side or even from beat to beat because of rate variations or respiratory movements ( Figure 1 ). The atrial-to-ventricular electrogram amplitude ratio and slow potential morphology varied according to the position of the catheters along this band. In three patients, the His bundle and coronary sinus ostium were anatomically close, so the site of the potential was constantly close (5-10 mm) to the site of the His bundle recording. In four patients, slow potentials were found in a wide area.
Endocardial Recordings
Recordings during sinus rhythm and atrial stimulation. In the control group, slow potentials with an amplitude >0.05 mV were found in 16 of 20 patients. Their morphology and electrophysiological behavior were similar to those in patients with AVNRT ( Figure 2 ). In 61 patients with AVNRT, slow potentials wure recorded during anterograde AV conduction ( Figure 1 ). During sinus rhythm, slow potential morphology varied in the same patient and from one patient to another. Their amplitude was 0.05-0.5 mV. They could be uniphasic and rounded (hump), biphasic (sinus wave), or inscribed as a double hump. In some cases, the potentials were relatively sharp and resembled an atrial or hissian potential. At the most posteroseptal sites, slow potentials were rather hump-shaped and sometimes accompanied by an embryonic His bundle potential, whereas at the midseptum, slow potentials were more rapid, less broad, and often biphasic with a significant superimposed His bundle potential. The onset of slow potential coincided (or was included) with the end of the atrial electrogram, which was often slurred and fractionated. (giving a continuum of electrograms) or some of the interval between the atrial and ventricular electrograms. In some patients, stimulation reversed the polarity of potentials. At higher but not necessarily high rates, slow potentials separated from atrial electrograms, and their duration consistently increased. Simultaneously, all components became slower and of a lower amplitude (in sharp contrast with the preceding rapid atrial electrograms), resulting in the disappearance of any activity between atrial and ventricular electrograms during the longest AH intervals at the higher atrial rates. An activity of too low an amplitude to be differentiated from baseline fluctuations with present methods probably persisted. This was observed more easily during a continuous decremental stimulation ( Figures 3  and 4 ) than during the delivery of premature stimuli ( Figure 5 ), which was associated with greater catheter instability. Slow potentials were constantly nondiscernible at coupling intervals initiating tachycardia ( Figure  6 ). In some patients, small hump-shaped potentials could be recorded at high amplification near the coronary sinus ostium but without rate-dependent changes.
In three patients with AVNRT, slow potentials were not recorded, and ablation was performed at a site showing the following peculiar phenomenon: A slow activity expressed by a double or multiple atrial potential was clearly evidenced during sinus rhythm with an interval between the extreme potentials of 50-80 msec. The timing of the first and last potentials correlated respectively with that of the electrode situated above (parahissian region) and below (posteroseptal region).
Mid or low right atrial stimulation shortened the double-spike interval (Figure 7) , and a reversal in their relative sequence of activation was obtained with a caudocranial activation of the right atrium ( Figure 7 (Figures 3 and 4) . Slow potentials could occur after the completion of atrial depolarization (P wave) and could be clearly separated from atrial electrograms by stimulation techniques (see above) and by vagal maneuvers in some cases. Likewise, slow potentials were clearly distinguishable from atrial repolarization waves, as the latter occurred 360-400 msec after depolarization ( Figure 3 ) and could not be separated from atrial electrograms at such a magnitude, unlike slow potentials; furthermore, in rare instances, slow potentials were inscribed before atrial electrograms concomitantly with a reversal of atrial activation sequence. That the recordings did not represent the ventricular repolarization wave was evidenced by their inscription before the ventricular depolarization; however, such a confusion was possible at fast rates in which slow potentials could superimpose on the preceding ventricular repolarization wave. Last, elimination of an artifactual potential was established by the following arguments: The slow potential was present only after the atrial electrograms but was not observed after inefficient stimuli; it was recorded in a limited region and was not found when the catheter was moved even a few millimeters away; most importantly, we consistently reproduced the findings in different patients at similar recording sites.
Recordings during tachycardia. During tachycardia with 1:1 conduction, all attempts to depict a consistent slow activity were unsuccessful (as during atrial stimulation at similar high rates), but a low-amplitude activity could sometimes be recorded superimposed on the ventricular repolarization wave. An embryonic His bundle potential was frequently present. Ventricular beats elicited during tachycardia showed isolated atrial electrograms that were frequently fractionated and very similar to those recorded during premature atrial stimulation ( Figure 6 ).
Ablation Procedure
The ablation site had the following characteristics. The atrial-to-ventricular electrogram amplitude ratio was 0.8±+0.7. In 26 patients, tachycardia ceased 15+±16 seconds after the application of radiofrequency current on its anterograde course (after inscription of the retrograde P wave). Only one attempt was made in 25 tials, we have obtained similar results with ablative energy applied more anteriorly, sometimes at the midseptum. This suggests that slow pathway conduction may be modified at different points on its course. The validity of our mapping approach is empirically confirmed in 64 consecutive patients by the complete clinical success of the procedure and more meaningfully, the low number of radiofrequency impulses required to achieve these results.
Although a direct, nonspecific injury to the AV node cannot be ruled out, particularly in midseptal ablation sites, the overall electrophysiological results reflect a preferential impairment of anterograde slow pathway. Indeed, energy applied at the potential site during AVNRT interrupts the rhythm within a few seconds after inscription of the retrograde P wave. Furthermore, the inability of atrial stimulation to prolong the AH interval at a point previously critical for tachycardia induction or maintenance appears to us to be the clearest criterion indicating slow pathway modification. This criterion was present in 69% of our patients. In the other 31%, premature beats were transmitted with a long AH interval and thus produced echo beats. However, these echo beats were isolated, and the interruption of the circuit always occurred on the anterograde limb. The disappearance of tachycardias despite the persistence of echo beats argues against the concept of a circumscribed pathway interrupted by a discrete lesion. This dissociation in the circuit between induction and maintenance of AVNRT was clearly shown by the different AH intervals observed at the initial and subsequent cycles of the tachycardia in some patients.
Finally, in most patients, the ablation of slow pathway conduction led to an increase in the anterograde effective (but not functional) refractory period of the entire AV node conducting system, which then approximated that of the fast pathway.
Targeting delivery of radiofrequency energy to alter slow pathway conduction offers clear advantages over fast pathway ablation. The success rate is higher and the effects of ablation on tachycardia inducibility were not significantly reversed by isoproterenol. The risk of complete AV block is clearly lesser. Indeed, no instance of AV block was observed. However, a slight increase both in Wenckebach point and AV nodal effective refractory period were induced and, particularly in midseptal sites, an attentive monitoring of AV conduction is essential. Furthermore, a residual prolongation of the AH interval was not observed, and the normal PR interval is hemodynamically more favorable for patients, particularly during effort. Hypothetically, on a long-term basis, less deterioration of AV conduction may be envisaged.
Origin and Significance of Slow Potentials
The main characteristic of slow potentials described in this investigation is their rate-dependent alterations, resulting in the inability with current methods to perceive any activity at high rates or during tachycardia. On the other hand, they provide a simple electrophysiological target to guide slow pathway modification. With present clinical methods, the exact origin and significance of these potentials cannot be specified. The Ablation catheter (arrow) is introduced through either the left subclavian vein (upperpanel image) or a femoral vein (lower panel image) and is positioned in the mid and posteriorpart ofthe septum, respectively. In both patients, a single radiofrequency impulse delivered for 10 and 60 seconds, respectively, abolished slow pathway conduction.
recording site of slow potentials anterior to the coronary sinus ostium clearly corresponds to the proximal atrionodal region. In this region the terminal atrial tissue is not interdigitated with but overlaps the AV node, and the transition from atrial to AV nodal activity is smooth rather than abrupt.32 This complex region is also the starting point of a band of atrial tissue running along the septal cusp of the tricuspid valve, which could propagate atrial impulses to the AV node (posterior input), has the lowest velocity among cardiac tissues (including the AV node), and has a high level of automaticity.32-35 Anderson 
Limitations
Use of the standard intracardiac recording technique has limitations, particularly in the region under study. First, respiratory and cardiac movements associated with programmed electrical stimulation easily displace the catheter electrodes. The position of the catheters had to be readjusted during this work, thereby explaining the length of each study in order to obtain reproducible results. The instability of the catheters hampered the study of electrophysiological events, and insufficient catheter endocardial contact was also an impediment to radiofrequency energy transmission. This required us to deliver repeated energy impulses at the same site. Second, conventional high amplification increases electrical interference in electrograms. Technical refinements may be required to clarify these physiological signals and provide a more detailed confirmation of our findings. Experimental studies are necessary for determining the specificity and functional significance of slow potentials present in most humans and used here to target energy delivery for AVNRT ablation.
